Abstract. The intra-and interpopulation variability of six populations of Tulipa uniflora (L.) Besser ex Baker at the northern limit of distribution in the Angara steppes over 12 morphometric parameters was studied by the principal components method and single-factor analysis of variance. It is established that the vectors characterizing the gradients of the change in the morphometric parameters are divided into two groups: vegetative and generative, which are among themselves in direct dependence. Based on the single-factor analysis of variance results for all morphometric parameters, a significant difference is observed between populations of T. uniflora in the Angara Region. On the one hand, this is a consequence of anthropogenic impact on the population, and on the other -the relic nature of the species.
Introduction
Wild tulips are famous ornamental plants. They are the ancestors of cultural species and an inexhaustible source for breeding new varieties. They have an invaluable advantage over cultural plants: an exceptionally diverse color of the perianth, they are immune to the variegation virus [1] . Natural types of tulips need a wider introduction to culture, including gardening in the territory of Siberia. The study of the morphometric characters variability of the species of the genus Tulipa L. is of great importance in assessing the state of natural populations of species. The survey of as many tulip sites as possible allows revealing key indicating morphometric characters and ecological and biological optimums typical for each species. The presented study is aimed at the analysis of the variability of T. uniflora morphometric characters, including the analysis under the influence of anthropogenic impact on populations at the northern border of growth in the steppes of the Angara Region.
Materials and Methods
* Corresponding author: helga8408@mail.ru Due to the fact that T. uniflora has a short blossoming period, it was not possible to measure some morphometric characters of the flower in the populations B, H, I, L; therefore the original data table had missing data. The restoration of the missing data was carried out using the multidimensional linear regression according to the recommendations of W.R. Myers [4] and K.J. Lee & J.B. Carlin [5] .
Before the statistical analysis the array of morphometric data was normalized with the help of a standard metric with the purpose to bring all the considered morphometric parameters to a single scale of measurement and to balance their contribution to the variability of the data array. To analyze and visualize the distribution of the specimens under study for a set of morphometric characters, one of the methods of multidimensional statistics (the method of principal components) was used [6] .
To assess the measure of discrepancy in the morphometric characters in the populations studied, we used the single-factor analysis of variance with the Fisher criterion (α = 0.05) [7] . The measure of discrepancy (H) between populations according to the test feature was calculated by the formula: H = 1 -1/F, where F is the value of the Fisher criterion. H takes a value from 0 to 1; the closer it is to 1, the more the populations differ. The nature and extent of anthropogenic impact in the populations were estimated by the pasture degradation scale of L.G. Ramensky and others [8] . All the statistical calculations and the construction of the diagram were carried out in a shareware statistical environment for programming purposes R.
Results
The scatter diagram characterizing the specimens under study in the space of the first two principal components is shown in the figure. Point clouds which combine the specimens in the populations have a different overlapping. The greater the overlapping of clouds is, the more similar the populations are among themselves according to the morphometric characters under analysis. The most similar populations are B, G, H, L and O. The specimens from the population I are the most different from the specimens of the other populations. The specimens from the populations G and I differ significantly.
The vectors characterizing the gradients of the change in the morphometric characters on the scatter diagram (Fig.) are divided into two groups. The co-directional vectors of the parameters of the length and width of the prophyll and the secondary leaf, the stamen height and the generative shoot height are associated in the first group. The vectors of the parameters of the length and width of the inner and outer perianth and the pistil height are associated in the second group. These parameters are related to each other by the direct dependence in both groups.
With an increase in the value of one of the analyzed morphometric characters, the other parameters also increase as a rule. The two groups of vectors are almost perpendicular to each other. That indicates that there is no correlation between these groups of features. Table 1 , the designation of the features is given in Table 2 .
The results of the single-factor analysis of variance are shown in Table 2 . There is a significant difference between the populations for all the features. The greatest difference is observed in the stamen height (H = 0.907). Three features are least distinguished: the length of the inner and outer perianth and the pistil height (H < 0.7). For the other features the value of H exceeds 0.8; that indicates a fairly significant level of difference between the populations. 
Discussion
Morphological differentiation of the specimens of the population I from the specimens of the populations B, G, H, L and O can be explained by the geographic remoteness of the first from the others by 60-160 km and by the significant anthropogenic impact on it ( Table 1 ). The habitat of T. uniflora of the population I is confined to the gentle slope (< 30°); that is a convenient place for grazing cattle and small ruminants; the proximity of the ferry and motorway makes the slope accessible to people. Soil erosion was noted here as a consequence of the anthropogenic impact. The specimens from the populations I and G differ significantly according to their morphometric characters. This is due to the remoteness of the populations from each other by 160 km, the natural isolation of the population G, including the populations B, H, L and O, the Kuda River and forestlands. The latter circumstance is an obstacle for cross-pollination between the specimens of the population G with the other populations. It should be noted that the habitat of the population G, unlike the population I, is undisturbed (Table 1 ) despite the proximity of the locality. However, the slope where T. uniflora dwells is much steeper (~ 50°) which makes it difficult to graze livestock. To dividing vectors into generative and vegetative groups is consistent with the data obtained by L.V. Mukhametshina and others [9] for the South Ural populations T. biebersteiniana Schult. & Schult.f., T. patens C.Agardh ex Schult. & Schult.f. and T. riparia Knjaz., Kulikov & E.G.Philippov.
For the T. uniflora populations in the Angara Region the feature of the stamen height is knocked out from the general direction of the vectors of generative features. According to the results of the single-factor analysis of variance according to the Fisher criterion, the greatest difference among the populations is observed on this feature (Table 2 ). This is probably related to the fact that in some populations the phasing out of the stage of tulip blossoming was observed.
The low variability of the morphometric characters of the generative sphere in comparison with the features of the vegetative sphere in the populations is quite natural, since the flower has an exceptional role as a special morphological structure associated with the fact that it completely combines all the processes of agamic and sexual reproduction. Excluding microclimatic and relief-forming factors, the mentioned features of the variability of the morphometric characters in the specimens of T. uniflora from the populations of the Angara Region can also be explained by historical causes, namely the
